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FOREWORD

This report summarizes work accomplished under the Space Tug Economic Analysis
Study on Contract NAS8-27709. This study was perfdrmed for the NASA Marshall Space
Flight Center by Lockheed Missiles & Space Company, Inc. of Sunnyvale, California,
and Mathematica, Inc. of Princeton, New Jersey. The period of technical performance
was nine months, starting July 26, 1971.

The NASA Contracting Officer's Representatives for this program were Lieutenant
Commander William C. Stilwell (USN) and Mr. Richard L. Klan. The study team was
led by Mr. Charles V. Hopkins of Lockheed and Dr. Edward Greenblat of Mathematica.

Task leaders on the Lockheed team were as follows:

John P. Skratt — Data Integration and Interpretation
William T. Eaton — Payload Data and Payload Effects Analysis
Richard T. Parmley — Tug Definition

Other key team members included:

Anthony G. Tuffo — Data Mechanization and Evaluation

Zoe A, Taulbee -~ Computer Programining

Jolanta B. Forsyth —~  Payload Costs and Benefits; Tug Cost Model
Kenneth J. Lush ~  Program Costing Logic

This report is organized as follows:

® Volumel - Executive Summary
e Volume II — Tug Concepts Analysis
Part 1: Overall Approach and Data Generation
Part 2: Economic Analysis '
Appendix: Tug Design and Performance Data Base
e Volume III — Cost Estimates

Volume II contains detailed discussions of the methods used to perform this study, and
the major findings that have resulted. For convenience Volume II has been further

divided into three parts. This Appendix supplements the results presented in the first two
parts by documenting the detailed Tug design and performance information that forms
part of the Tug data base.
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Chapter 1
INTRODUCTION

A sizeable data base of Space Tug vehicle characteristics, costs, and performance
capabilities was generated as a basis from which to compare concepts on this study.
This Appendix to Volume II is a compendium of the detailed design and performance
information from the data base. Comparable cost data are incorporated into a sepa-
rate volume as specified in Data Requirement Description number MA-04; the cost
volume is Volume III of the final report.

The design data are parametric across a range of reusable Space Tug sizes, whereas
the performance curves were generated for selected point designs of expendable orbit
injection stages and reusable Tugs. The Appendix is divided into two principal chapters.
Chapter 2 contains the design data and Chapter 3 presents the performance déta.

3
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Chapter 2
REUSABLE TUG DESIGN DATA

This chapter presents parametric design data on reusable ground~based Space Tug
concepts developed during the study. As explained at length in Part 1 of Volume II,

the reusable Tugs were defined using a set of design estimating relationships (DERs).
These relationships, extrapolated from Lockheed-generated point designs for the Space
Tug, take the form of equations that characterize vehicle dimensions and weights down
to major assembly level; the equations relate Tug design concept and propellant weight
and type to specific parameters of interest. The DERs are automated in the Lockheed
Space Transportation Analysis Routine (STAR) computer program which synthesizes
weight statements and dimensional data across a range of propellant loadings from
20,000 to 70, 000 pounds.

Chapter 2 comprises graphs of key Tug parameters; these graphs were plotted directly
by-computer. Information is presented in a data book format with minimum text. The

sequence of Tug concepts presented in this chapter is as follows:

LOZ/ LH, Single Stage

LF, / LH, Single Stage

FLOX/CH 4 Single Stage

L02/ LH, Drop Tanks (for Stage-and-one-half configurations)

To help locate data in Chapter 2, a roadmap matrix of Tug concepts and design data
has been generated. This matrix, presented as Table 2-1, lists the figure references

for all design graphs in Chapter 2.
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Chapter 3
PERFORMANCE DATA

This chapter presents detailed data on the performance characteristics and sensitivities
associated with expendable orbit injection stages and reusable Space Tugs analyzed
during the Space Tug Economic Analysis Study. The Tug concepts for which perform-
ance data are presented in this clapter are all point designs of primary interest in the
study, namely the four candidate orbit injection stages (Agena, Large Tank Agena,
D-1T Centaur, and Growth Tank Centaur), and single-stage ground-based reusable
Tugs with LOZ/LHZ’ LF2/LH2 and FLOX/CH 4 propellants. The reusable Tugs are
generally sized to about 50,000 1b propellant loading, except that a smaller (36, 300 1b)
L02/LH2 concept is included to show the performance variation with decreased stage

size.

The performance data were generated automatically within the STAR computer program
and directly plotted by the computer. The equations and methodology used to derive the

performance data are presented in Part 1 of Volume IL

To assist the reader in locating any particular performance data in Chapter 3, a roadmap
matrix of Tug concepts and performance data has been formatted; this matrix references
specific figure numbers in the pages following. The matrix is presented as Table 3-1.
Flight modes referenced for the reusable Tugs are as follows:

Mode 1 — Delivery of a payload on the outbound leg of a roundtrip Tug

flight and return with a payload of equal weight on the inbound
leg

Mode 2 — Retrieval, only, of a payicad on a roundtrip Tug flight
Mode 3 — Delivery, only, of a payload on a roundtrip Tug flight
Mode 4 — Delivery of a payload on a one-way Tug flight

All of the orbit injection stages are flown in Mode 4.

3-1
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LMSC-D153408

Vol IT
PAYLOAD DEL IVERED FIXED IGNITION WEIGHTS EXPENDABLE TUG AND P/L
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PAYLOAD DEL I VERED FIXED IGNITION WEIGHTS
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Vol I
PAYLOAD DELIVERED 47830 LBS. FIXED PROPELLANT WE IGHT ROUND TRIPPED P/L CAPABILITY
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